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Overview
• Summary of Shutdown Work

• Proton Improvement Plan Work and Status
• Main Injector/Recycler Work and Status
• NuMI Beam Changes

• Startup Plan and Issues
• Expected Performance
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Future Proton Needs
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Proton Improvement Plan

5

Cockcroft Walton
• Proton source is 40 

years old
• Must run for at least 15 

more years to support 
lab physics program

• Need upgrades to 
permit higher rep rate 
for intensity frontier

• Identify weaknesses 
and remedy
• Cockcroft-Waltons

• (2009   I- off for ~ 1 
year for repair)

• Solution – RFQ Based 
Injector
• Install this shutdown
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Major Shutdown Jobs in Linac
• Pre-Acc

• RFQ Injector Upgrade!!!

• Linac
• Linac Dump Repair
• Vacuum Upgrades
• BPM Upgrade
• Klystron Maintenance
• Low Energy Maintenance
• Improve MTA beam
• Run NTF

• Also Investigating Low Energy 
Modulators

Monday, June 3, 2013



Fermilab PAC 6-13- R. Dixon

Proton Improvement Plan

• Linac
• Linac Dump Repair
• Vacuum Upgrades
• BPM Upgrade
• Klystron Maintenance
• Low Energy Maintenance

• Booster
• Solid State Upgrade
• Booster Cavity Refurb.
• Gradient Magnet Moves
• Beam Absorber Install
• LCW Upgrade
• Possible Shielding 

Changes
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Major Shutdown Jobs in Booster

• Solid State Upgrade
• Booster Cavity Refurbishment
• Needed for 15 Hz operation

• Gradient Magnet Moves
• Beam Absorber Install
• LCW Upgrade
• Possible Shielding Changes
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Booster Magnet Alignment

13

Difference of the measured orbit between before 
and after a magnet move 

Measured aperture before (left) and after (right) the magnet realignment. 

Measurements 
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WBS 1.2.2 Accelerator Physics (Booster) 
•  WBS 1.2.2.1 

Simulations and Studies 
!  Beta corrections 
!  Chromaticity 
!  Tunes 
!  Software / Lattice 

•  WBS 1.2.2.2 Alignment 
& Aperture 
!  Magnet moves 

!  Scans 

•  WBS 1.2.2.6 
Radiation Shielding 
!  Long Straights 

Completed 

William Pellico, Fermilab PMG, May 23 2013 11 
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William Pellico, Fermilab PMG, May 23 2013 8 

WBS 1.2 Booster (Highlights) 
WBS 1.2.1.5  Cavity Refurbishment  

Pressure testing  Bottom tuner 
connected  

Repaired flange surface New cooling line on cavity #1007 

#1007 Issues: 
Water Leaks 
RF heating 
RF leaks 
Activation  
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Accelerator (ANU) and NuMI Upgrades

23

• Recycler  Ring, RR 
• New injection line into RR
• New extraction line from RR
• New 53 MHz RF system
• Instrumentation Upgrades
• New abort kickers
• Decommissioning of pbar components

• Main Injector 
• Two 53 MHz cavities
• Quad Power Supply Upgrade
• Low Level RF System

• NuMI 
• Change to medium energy  ν beam 

configuration (new target, horn, 
configuration)

• Cooling & power supply upgrades
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Installation Shutdown 
•  12 months to change over to new mode of operations 

–  Removing all pbar hardware 
•  About 100 magnets, 8 cooling tanks, 2 beamlines, diagnostics for storage rings 

–  Installing more than 150 magnets (dipoles, quads, trims, kickers, lambertsons) 
–  Pulling nearly 400,000 feet of cable (including 300,000 ft of 3/8” heliax) 

•  2 cables to every BPM in the Recycler 
–  5 RF cavities (2 to MI, 3 to RR) 
–  Opening 11 RR vacuum sectors – all of which require baking to recover 10-10 

vacuum level 
–  Alignment of new components and areas where components are removed 
–  1 target carrier, 1 new horn 
–  Moving Horn 2 and rearranging the shielding 
–  Maintenance and upgrades for other programs extend the length from 10 

months to 12 months 
•  Lots of people and equipment traffic! 

–  40+ technicians and engineering staff (Accelerator Division, Technical Division, and Particle 
Physics Division) 

–  40+ trades (pipefitters, riggers, electricians) 
–  1 equipment access point 

DOE IPR   May 8, 2012 Paul Derwent 15 
24
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Slip Stacking Simulation showing beam 
left in the Injection K icker Gap 
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Increasing beam power

27
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• Red: MI momentum
• Green: Beam current
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Increasing beam power

27

• Move slip-stacking 
to recycler
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Increasing beam power

27

• Move slip-stacking 
to recycler

• 11 batch -> 12 
batch
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Increasing beam power
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• Move slip-stacking 
to recycler

• 11 batch -> 12 
batch

• Increase Main 
Injector ramp rate 
(204 GeV/s -> 
240 GeV/s)
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Increasing beam power

27

• Move slip-stacking 
to recycler

• 11 batch -> 12 
batch

• Increase Main 
Injector ramp rate 
(204 GeV/s -> 
240 GeV/s)

• 330 (380) -> 
700kW with only 
~10%ncrease in 
per-pulse intensity M
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• Red: MI momentum
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M I 120 Ge V Beam Power 2009-2010 M I 120 Ge V Beam Power  08/10-03/11 
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MI/RR Shutdown 2012
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Recycler Injection
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Recycler Injection, MI, BNB 
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MI 52 Lambertson: 
 

 Leak checks complete. 
 Bake-out set up complete. 
  Bake delayed due to equipment moves and electrical disconnect failure 
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RR Injection Line Multi-Wire Cans 
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RR 40 kicker Installation 
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!%
%%%%%MI-327 repairs: 
 
Sump line repaired at multiple locations 
Conduit feeding power to ventilation fan has been replaced 
Ventilation duct repaired 
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Target Hall: Scope of work 

DOE IPR   May 8, 2012 Paul Derwent 17 

Primary  
Beamline 

Horn Power  
Supply 

Target Pile 
Air Cooling System 
(above shielding) 

Target 
& Baffle 

Work Cell 
(above shielding) 

Horn 1 Horn 2 Now 

Stripline 

Horn 2 
Med. Energy ! 
Configuration Morgue 

Limited space available 
for Target Hall activities 
(Horn 2 move, Target & 
Horn change outs & 
repairs, Radioactive 
Component Repair/
Removal)  Beam direction 

Target Horn 1 

Horn 2 
LE 

Horn 2 
ME 

T-Block 
Staging Blue Block 

Staging 

R-Block 
Staging 

Work 
Cell 

R-Blocks Blue Blocks 

NuMI TH 3-d Model—Current Layout 

Utility work 
associated with 
upgrades:  RAW 
most significant 
 
Coordinated by Mike 
Andrews 

RAW Room 
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Other NuMI Improvements

45

• Replaced 5 Quads for better cooling
• Installed cooling plates on 4 other quads
• Replaced 5 beam profile monitors
• Replaced Target Beryllium Window
• Installed LBNE prototype BPM
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Remaining Issues

• End shims for Recycler Magnets
• Shielding for RF penetrations at MI60
• Kautz Road Substation lightening arrestors
• Infrastructure Maintenance
• Longer term issues due to PIP funding
• Booster Cavity Refurbishment
• Low Energy Klystron Developement
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Summary
• Shutdown coming to a close
• Startup activities underway
• Good progress on ANU and NuMI
• PIP delays due to funding has long term implications
• Outlook good for neutrinos in the coming year in NOvA
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Target  
•  Target fabrication in collaboration with RAL 

DOE IPR   May 8, 2012 Paul Derwent 14 

Shipped May 3rd! 
 
In customs at O’Hare 
 
Mount on target 
carrier by June 1 
 
Ready for installation 
by August 1 
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Target  
•  Target fabrication in collaboration with RAL 

DOE IPR   May 8, 2012 Paul Derwent 13 

IHEP Design 

Budal Monitors  
(for Alignment) 

 
Water Cooled 
 Clamping Plates 

 

Graphite Fins 
(ZXF-5Q Graphite) 
 

 

Target Canister 
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56

• Accelerator performance over the past year was good 
• Proton Improvement Plan underway with budget 

reduction of 50% for the next year
• NOvA modifications to the MI and Recycler underway 

and on schedule so far
• On schedule so far

• NuMI upgrades and reconfiguration going well
• Given the budget outlook, it will be quite a challenge to 

maintain our momentum
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Roger,

  The biggest change of course was the change of the NuMI Target Hall for NoVA running with the movement of the second horn and 
the installation of the 700 kW Horn 1 and 700 kW target. The shutdown went well and the changes are almost all done, and the  
performance of the systems at 700 kW is expected to be satisfactory.  In addition much maintenance work was successfully 
implemented.

In SY120 two new areas were worked on: the High Rate Tracking area in M03 and a new test beam area in MCenter.     AD has 
completed its work on the High Rate Tracking area.  MCenter needs to have four magnets replaced and this will happen after the 
shutdown ends; the time estimate is a month since shielding blocks need to be taken out and then replaced.  Also the shielding 
assessment is in progress for MCenter.  

The Seaquest sleeving exercise is well underway and is expected to be complete in the early Fall.  High intensity to the experiment is 
expected as a result of this change.

Craig
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Major	  NuMI	  Shutdown	  Ac2vi2es	  Completed
Mike	  Andrews

5/29/13

NuMI	  Beamline	  
Replace	  five	  Quad	  magnets	  with	  new	  cooling	  upgraded	  Quad	  magnets	  in	  MI	  (2)	  &	  Pre	  Target	  (3)
Installed	  cooling	  plates	  on	  four	  exis2ng	  quad	  magnets	  &	  removed	  all	  cooling	  water	  flow	  restrictors
Replaced	  five	  Profile	  Monitors	  in	  MI	  (2)	  &	  Pre	  Target	  (3)
Replaced	  Target	  Beryllium	  window
Installed	  the	  LBNE	  BPM	  prototype	  in	  beamline	  downstream	  of	  Q121
Complete	  final	  survey	  of	  NuMI	  beamline

Target	  Hall
Relocated	  Horn	  2	  downstream	  in	  chase	  to	  the	  medium	  energy	  posi2on
Replaced	  the	  Target	  &	  Horn	  1	  in	  chase
Completed	  Target	  Pile	  fan	  upgrades	  including	  installa2on	  of	  an	  addi2onal	  cooling	  coil	  
Upgraded	  Target	  Hall	  dehumidifica2on	  system
Rebuilt/repaired	  the	  Target	  chase	  dehumidifica2on	  system
Upgraded	  the	  MI65	  RAW	  DI	  system	  for	  700Kw	  opera2ons
Upgraded	  Target,	  Horn	  1,	  Horn	  2,	  &	  Decay	  Pipe	  upstream	  RAW	  systems
Designed,	  fabricated,	  &	  installed	  MI65	  RAW	  exchange	  system	  including	  controls	  system
Upgraded	  Horn	  pulse	  power	  supply
Drilled	  three	  12’	  hydrosta2c	  relief	  test	  holes	  in	  the	  east	  wall	  at	  entrance	  to	  Decay	  Pipe	  walkway	  
Repaired	  the	  concrete	  header	  at	  the	  rollup	  door	  entrance	  to	  Target	  Hall	  
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Absorber	  Hall
Replaced	  Hadron	  Monitor
Upgraded	  Absorber,	  Intermediate,	  &	  Decay	  Pipe	  downstream	  RAW	  systems
Designed,	  fabricated,	  &	  installed	  Absorber	  Hall	  RAW	  exchange	  system	  including	  controls	  systems	  
Repaired	  &	  replaced	  ground	  control	  on	  the	  east	  wall	  of	  the	  emergency	  walkway

Individual	  tasks	  to	  be	  completed	  by	  June	  14th
Complete	  installa2on	  infrastructure	  &	  controls	  for	  LBNE	  Muon	  Monitor	  prototype	  in	  Alcove	  2
Complete	  installa2on	  PPD	  Muon	  Monitor	  system	  in	  Alcove	  4
Complete	  safety	  interlock	  tes2ng	  
Complete	  Horn	  pulse	  tes2ng	  &	  thermal	  imaging	  of	  stripline
Complete	  power	  supply	  tes2ng
Install	  Target	  Hall	  shielding	  wall
Move	  Target	  from	  chase	  to	  work	  cell	  for	  first	  phase	  of	  low	  intensity	  beam	  scans
Dry	  set	  R-‐blocks	  on	  chase	  over	  Target,	  Horn	  1	  &	  Horn	  2
Complete	  low	  intensity	  beam	  scans	  of	  Horn	  1	  &	  2
Install	  Target	  in	  chase	  for	  second	  phase	  of	  beam	  scans
Complete	  final	  survey	  of	  Target	  in	  chase
Complete	  low	  intensity	  beam	  scans	  of	  Target
Air	  seal	  all	  R-‐blocks	  on	  chase	  
Remove	  Target	  Hall	  crane	  electronics
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